Recently, increasing evidence suggested that miRNAs contribute to the regulation of adipose deposition and fat metabolism [1] [2] [3] [4] [5] [6] [7] . Meanwhile, several studies have consistently indicated that miRNAs are involved in metabolic functions of the liver, including glucose and lipid metabolism [8] [9] [10] [11] [12] .
The chicken is one kind of the most important economical animals. Until last year, 789 miRNAs have been identified in the chicken genome, and the functions of a small number of miRNAs have been revealed. Some of those studies focused on chicken miRNAs only from skeletal muscles and adipose tissues at different developmental stages [13, 14] , but the identification of differentially expressed miRNAs in adipose tissue and liver, and their comparison between tissues and breeds, remain to be illustrated. As lipogenesis mainly occurs in the liver, and the characteristics of adipose tissue and liver are highly related with economic traits of chickens, so it is important to identify and characterize the miRNAs in the adipose tissue and liver.
In this study, to further reveal the differentially expressed miRNAs in adipose tissue and liver, female dwarf and normal recessive White Rock chickens, both bred for nearly 10 generations, were used. Dwarf chickens had a 1773 bp deletion mutation at the end of exon 10 in the 3 0 -untranslated region of growth hormone receptor (GHR) gene. The two strains were fed under the same conditions till 7 weeks of age. The weight of dwarf chickens ( 820 g) was 30% less than that of normal chickens ( 1200 g). The miRNAs expression profiles were analyzed by microarray analysis and the chip data were verified by quantitative real-time polymerase chain reaction (qRT-PCR).
For the microarray analysis, three pools of RNA for each tissue were prepared for each chicken strain, with each pool containing RNA from three individuals. Aglient miRNA chips were designed based on miRNAs listed in miRBase Version 19.0 (http://www.sanger.ac.uk/Software/Rfam/mirna/), and prepared by LC Sciences (Houston, USA). For the qRT-PCR assays, the stem-loop qRT-PCR analysis was performed using the same total RNA as in the microarray analysis. The bulgeloop miRNA qRT-PCR primer sets (one reverse transcription primer and a pair of quantitative PCR primers for each set) specific for the selected miRNAs were designed by RiboBio (Guangzhou, China). RT-PCR was performed using a Bio-Rad CFX96 Real-Time PCR System (Hercules, USA). The expression of each miRNA relative to U6 RNA was determined by the 2 2DDCT method. qRT-PCR experiments were performed in three technical replicates with each eight biological replicates. As shown in Fig. 1 , the results from the qRT-PCR analysis are consistent with that of the microarray analysis.
By comparing the differentially expressed miRNAs in the same tissue between the dwarf and normal chickens, we found that, in the liver tissues, five miRNAs were up-regulated in dwarf and only one was highly expressed in normal chickens (DL vs. NL). Meanwhile, in the adipose tissues, two miRNAs were down-regulated in dwarf and four were lowly expressed in normal chickens (DF vs. NF) ( Table 1) .
By analyzing the differentially expressed miRNAs between adipose tissue and liver in each breed ( Table 2) , we found that the miRNAs expression profiles seemed to be less divergent between breeds than those between tissues. In comparing miRNAs between tissues, 29 DF vs. DL and 27 NF vs. NL miRNAs were defined as differentially expressed gene between adipose tissues and liver in dwarf and normal chickens. Of those, 10 DF vs. DL and 16 NF vs. NL miRNAs were up-regulated, whereas 19 DF vs. DL and 11 NF vs. NL miRNAs were down-regulated ( Table 2) .
To investigate the regulatory mechanism of the miRNAs in adipose tissues and liver, 10 miRNAs (e.g. gga-miR-1623, gga-miR-214, gga-miR-199b, gga-miR-199-3p, gga-miR-24, gga-miR-23b, gga-miR-22-3p, gga-miR-122, gga-miR-1662, and gga-miR-29a) ( Table 2 , miRNAs with yellow shade) were functionally categorized using the Gene Ontology and Kyoto Encyclopedia of Genes and Genomes database.
The predicted targets of the 10 miRNAs ( Table 2 ) were mainly involved in tissues, organ, and system development, blood vessel development, G-protein-coupled receptor activity, cellular response to various stimulus, positive regulation of angiogenesis, cell differentiation, negative regulation of transforming growth factor (TGF) beta receptor signaling pathway, regulation of biological adhesion, cell-type specific apoptotic process, kinase activity, DNA binding, and hormone metabolism process (Supplementary Table S1 ). The pathways associated with those 10 miRNAs are shown in Table 3 .
In analyzing the target pathways of differentially regulated miRNAs, we found that the 10 miRNAs in fat and liver tissues were most likely involved in 11 pathways (Table 3) . Wherein, well-known pathways affecting lipid metabolism (Wnt, mitogen-activated protein kinases, and TGF beta signaling) were enriched in both breeds. In addition, pathways related to cell junctions (tight junction, focal adhesion, regulation of actin cytoskeleton) were also enriched and might form a network with pathways related to lipid metabolism to influence the fat deposition. Moreover, miRNAs related to the mammalian target of rapamycin (mTOR) signaling pathway in our study was found to be enriched as well. Mannaa et al. [15] reported that mTOR signaling pathway regulated human energy metabolism, so we predict that this pathway may also be involved in lipid metabolism. More precise roles of the miRNAs in all of these pathways will be studied in the future.
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